CT, computed tomography; MRI, magnetic resonance imaging; SRS, somatostatin receptor scintigraphy. Results are expressed as the percentage of patients undergoing the indicated imaging study who had a positive result. * All imaging results were preoperative in group 2A and 2B patients. † Fifty-five and 38 patients had angiography and SRS, respectively. ‡ Conventional studies (ultrasound, CT scan, MRI, or angiography) were used to determine number of lesions and tumor size. Compared with group 2B: P Ͻ .05, § P Ͻ .01.
Objective
To determine the role of surgery in patients with Zollinger-Ellison syndrome (ZES) and multiple endocrine neoplasia type 1 (MEN1) with either limited or advanced pancreatic endocrine tumors (PETs).
Summary Background Data
The role of surgery in patients with MEN1 and ZES is controversial. There have been numerous previous studies of surgery in patients with PETs; however, there are no prospective studies on the results of surgery in patients with advanced disease.
Methods
Eighty-one consecutive patients with MEN1 and ZES were assigned to one of four groups depending on the results of imaging studies. Group 1 (n ϭ 17) (all PETs smaller than 2.5 cm) and group 3 (n ϭ 8) (diffuse liver metastases) did not undergo surgery. All patients in group 2A (n ϭ 17; single PET 2.5-6 cm [limited disease]) and group 2B (n ϭ 31; two or more lesions, 2.5 cm in diameter or larger, or one lesion larger than 6 cm) underwent laparotomy. Tumors were preferably removed by simple enucleation, or if not feasible resection. Patients were reevaluated yearly.
Results
Pancreatic endocrine tumors were found in all patients at surgery, with groups 2A and 2B having 1.7 Ϯ 0.4 and 4.8 Ϯ 1
PETs, respectively. Further, 35% of the patients in group 2A and 88% of the patients in group 2B had multiple PETs, 53% and 84% had a pancreatic PET, 53% and 68% had a duodenal gastrinoma, 65% and 71% had lymph node metastases, and 0% and 12% had liver metastases. Of the patients in groups 2A and 2B, 24% and 58% had a distal pancreatectomy, 0% and 13% had a hepatic resection, 0% and 6% had a Whipple operation, and 53% and 68% had a duodenal resection. No patient was cured at 5 years. There were no deaths. The early complication rate, 29%, was similar for groups 2A and 2B. Mean follow-up from surgery was 6.9 Ϯ 0.8 years, and during follow-up liver metastases developed in 6% of the patients in groups 2A and 2B. Groups 1, 2A, and 2B had similar 15-year survival rates (89 -100%); they were significantly better than the survival rate for group 3 (52%).
Conclusions
Almost 40% of patients with MEN1 and ZES have advanced disease without diffuse distant metastases. Despite multiple primaries and a 70% incidence of lymph node metastases, tumor can be removed with no deaths and complication rates similar to those in patients with limited disease. Further, despite previous studies showing that patients with advanced disease have decreased survival rates, in this study the patients with advanced tumor who underwent surgical resection had the same survival as patients with limited disease and patients without identifiable tumor. This suggests that surgical resection should be performed in patients with MEN1 who have ZES and advanced localized PET.
Patients with multiple endocrine neoplasia type 1 (MEN1) have parathyroid hyperplasia, pancreatic endocrine tumors (PETs), pituitary adenomas, adrenal adenomas, and carcinoids. 1, 2 Although PETs develop in 40% to 90% of patients with MEN1, 1, 3, 4 5% to 30% of patients die of malignant PETs, [5] [6] [7] [8] and PETs are the leading cause of disease death, 5, 8 the role of surgery in the treatment of PETs is controversial. 6,9 -12 The controversy is whether surgery should be routinely performed and if so, when and what type of surgery. This has occurred because of a lack of understanding of the natural history of PETs and of the molecular basis of tumors, lack of prognostic factors to predict outcome, and lack of prospective studies on the results of surgery. Most surgical studies have been retrospective and have involved small numbers of patients, and surgical treatment of functional and nonfunctional tumors is usually included together. The later point is particularly important because almost all authorities agree that patients with MEN1 with a non-ZES functional tumor (insulinoma, glucagonoma, GRFoma, VIPoma) should routinely undergo surgical exploration because the medical treatment is less effective and they can be frequently cured. 1 Unfortunately, gastrinomas are the most common functional PET in patients with MEN1 and nonfunctional PETs are the most common PET, occurring in 80% to 100% of patients. 1, 9, 13 Because gastric acid hypersecretion can be controlled in almost every patient by proton pump inhibitors (PPIs), 9, 14, 15 similar to nonfunctional PETs, surgery is not required for treatment of the hormone-excess state. Therefore, each of the above controversies particularly involves the management of patients with MEN1 with gastrinomas and/or nonfunctional PETs.
Microscopic PETs are almost invariably found in patients with MEN1, and also larger PETs as well as duodenal gastrinomas are frequently multiple in patients with MEN1 and ZES. 16 -18 Therefore, some have recommended that surgery not be performed on patients with ZES and MEN1 unless a single lesion is seen on preoperative imaging studies. 19 Numerous recent studies, primarily in patients with limited disease on imaging studies, provide compelling evidence that surgical resections or PET enucleations without a pancreaticoduodenectomy rarely result in cure in patients with ZES with MEN1. 19 -24 In contrast to studies on patients with ZES and MEN1 with more limited disease, reviewed above, almost no surgical studies have examined the role of surgery in patients with MEN1 who have more advanced PETs. This study examines this question by analyzing the results of surgical exploration in 48 patients with MEN1 and ZES with both limited disease (i.e., a single lesion on preoperative imaging) or patients with more advanced disease (two or more lesions or one lesion larger than 6 cm). Follow-up after resection of both groups was compared with a cohort of similar, unoperated patients (n ϭ 25) with either small PETs (Ͻ2.5 cm; n ϭ 17) or diffuse metastatic disease (n ϭ 8).
MATERIALS AND METHODS
Since June 1972 at the National Institutes of Health, and since 1997 at the University of California at San Francisco, all patients with ZES and MEN1 admitted to our services have been included in this protocol. Eighty-one consecutive patients were eligible for the protocol, and all were entered into this protocol.
The diagnosis of ZES was based on acid secretory studies, measurement of fasting gastrin, as well as the results of secretin and calcium provocative tests. 25 Criteria for MEN1 in a patient with ZES have been described elsewhere. 26 Basal acid output was determined for each patient using methods described previously. 27 Doses of oral gastric antisecretory drug were determined as described previously. 27 Time from onset of the disease to exploration was determined for all patients as described previously. 25, 28 Time of diagnosis of MEN1 or ZES was the time these diagnoses were first established by appropriate laboratory studies or when a physician established the diagnosis based on clinical presentation.
Specific Protocol
To be eligible for this protocol, all patients underwent an initial evaluation to establish the diagnoses of ZES and MEN1, 26 tumor localization studies, and acid secretory studies. 27, 29 These patients also underwent yearly evaluations to assess acid secretory control, associated endocrinopathies, PET extent, and surgical results. Yearly evaluations included conventional imaging studies; somatostatin receptor scintigraphy (SRS) since 1994; assessment of parathyroid, pituitary, and adrenal function; assessment for gastric and thymic carcinoids; plasma hormone levels associated with functional PETs (gastrin, insulin, PP, 5-HIAA, chromogranin A, glucagons, calcitonin); and assessment of acid secretion as described previously. 12, 26 The localization and the extent of PETs were evaluated in all patients as described elsewhere 30 -33 by using upper gastrointestinal endoscopy and conventional imaging studies (computed tomography [CT scan], magnetic resonance imaging [MRI], transabdominal ultrasound, selective abdominal angiography and bone scanning). Somatostatin receptor scintigraphy was performed since 1994 as described previously. 34, 35 At exploration, an extensive search for PETs was performed. 12, 31, 36, 37 Briefly, palpation was performed after an extended Kocher maneuver and ultrasound with a 10-MHz real-time transducer was performed. 12 Since 1987, endoscopic transillumination of the duodenum was performed, 38 and a 3-cm longitudinal duodenotomy was centered in the anterolateral surface of the descending (second) duodenum to search for duodenal tumors. 12 After surgery, all patients had fasting serum gastrin levels and an secretin provocative test performed before discharge. 12, 25, 36 Tumors in the pancreatic head were enucleated. Tumors in the pancreatic body and tail were enucleated if possible; otherwise they were resected. Distal pancreatectomy was not routinely performed and was done only if multiple pancreatic body and/or tail tumors were present that could not be enucleated. 12, 39 If multiple pancreatic head tumors were present that could not be enucleated, a pancreaticoduodenectomy was performed if the patient had given prior consent. A detailed inspection for peripancreatic, periduodenal, and portohepatic lymph nodes was carried out, and these were routinely removed. If liver metastases were present and not diffuse, they were wedge-resected with a 1-cm margin if possible; if this was not possible and they were localized, a segmented resection or lobectomy was performed.
Patients were reevaluated 3 to 6 months after the resection with conventional imaging studies, including angiography, SRS, and functional studies to assess disease activity (fasting gastrin levels, secretin test, acid secretory tests) 12, 25, 36, 40 and at yearly intervals thereafter. Patients were defined as being disease-free of ZES if fasting serum gastrin levels were normal, the secretin test was negative (increase of Ͻ200 pg/mL after secretin), 40 and imaging studies, including SRS, were normal. 25 During yearly follow-up based on serial imaging studies, including SRS, it was determined whether liver metastases had developed. In all patients, this conclusion was histologically confirmed by biopsy, except for two patients in whom multiple small lesions had developed on conventional imaging and SRS from which biopsy samples could not be obtained percutaneously.
In this protocol, based on preoperative conventional imaging study results of the size and number of PETs and their extent, patients were stratified into one of four groups. Group 1 (patients with abdominal tumors Ͻ2.5 cm) did not undergo routine exploratory laparotomy unless another functional PET syndrome was present besides ZES (i.e., insulinoma, carcinoid syndrome, glucagonoma). Group 2 (patients with abdominal tumors 2.5 cm or larger) underwent exploratory laparotomy. Group 2 was subdivided in group 2A (a single tumor Ͻ6 cm in diameter) and group 2B (two or more tumors or a single tumor 6 cm or larger in diameter) ( Fig. 1 ). Group 3 had diffuse metastatic disease in the liver and did not undergo routine exploratory laparotomy unless another non-ZES functional PET developed. 12, 23, 39 The presence of liver metastases was proven by liver biopsy.
Statistics
The Fisher exact test, the Student t test, the Mann-Whitney test, and analysis of variance were used. For a post hoc test, the Bonferroni/Dunn test was used. Values differing by P Ͻ .05 were considered significant. All continuous variables were reported as mean Ϯ standard error of the mean. The probabilities of survival were calculated and plotted according to the Kaplan-Meier methods. 41
RESULTS
Eighty-one patients with MEN1 and ZES were included in the study ( Table 1 ). These patients resemble other reports of patients with ZES and MEN1 in that not all of them had a positive family history for MEN1 (73% in our study). 6, 42 Our patients were younger at onset of ZES (mean age 35) and were more frequently female (57%) than previous series of patients with ZES and MEN1. 6, 19 The acid secretion rate, fasting gastrin level, and increase in gastrin after secretin were generally markedly increased, similar to patients with sporadic ZES. 9, 12, 27 One fourth of the patients had undergone abdominal surgery, and one fifth had had previous acid-reducing surgery.
The four patient groups generally had similar clinical and laboratory characteristics, except for a few differences. Group 3 (metastatic disease) patients had a higher fasting gastrin level. Group 2A (limited disease, surgery) differed from the surgical group with advanced disease (group 2B) in having a shorter ZES disease duration to surgery, a lower percentage with a positive family history of MEN1, and a higher acid secretion rate.
On the initial evaluation before surgery, 68% of patients in group 1 and 98% of patients in groups 2A, 2B, and 3 had a positive conventional imaging study localizing an extrahepatic PET ( Table 2 ). In terms of sensitivity, the relative order was angiography most sensitive (67% of all patients) Ͼ CT Ͼ MRI Ͼ ultrasound. Somatostatin receptor scintigraphy was performed in 38 patients and localized an extrahepatic PET in 92% ( Fig. 2 ). Surgical patients with advanced disease (group 2B) were more likely to have a positive conventional imaging study (CT, MRI), a larger number of extrahepatic lesions imaged (2.8 vs. 1), and larger extrahepatic tumors (4.1 vs. 2.8 cm in diameter) than surgical patients with more limited disease (group 2A). In patients with diffuse metastatic liver disease (group 3), MRI and CT were more sensitive than ultrasound; however, SRS was more sensitive than any conventional imaging study, being positive in 100% for a liver lesion.
Pancreatic endocrine tumors were found in all patients at exploration (Table 3) . Pancreatic tumors were found in 73% and were more frequent in patients with advanced disease (P ϭ .026). Duodenal gastrinomas were found in 62% of patients and were equally frequent (53-68%) in both groups. Both a duodenal gastrinoma and a pancreatic PET were found in 44% of patients and were more frequent in Approximately one third of patients in both surgical groups had a primary PET only, with the majority of the remaining patients having a primary with lymph node metastases (53-68%) or lymph node metastases only (3-12%). Liver metastases were found at surgery in four patients with advanced disease (group 2B), all of whom had positive conventional imaging studies for liver metastases before exploration. Lymph node metastases were present with equal frequency in both surgical groups (65-71%), with group 2B showing a trend to a larger number of lymph node metastases (1.7 vs. 0.8, P ϭ .084). The total number of PETs was almost three times greater in patients with advanced disease (group 2B) (4.8 vs. 1.7, P Ͻ .001): one patient in group 2B had 30 PETs. However, the mean size of the largest PET resected did not differ between the two groups (1.6 vs. 2.3, P ϭ .18).
In the 73% of patients with a pancreatic PET, two thirds of these patients also had lymph node metastases (Table 4) , with no significant difference in frequency in the two surgical groups (2A vs. 2B: 29% vs. 55%, P ϭ .081). In both surgical groups, the pancreatic PETs were more frequently found in the pancreatic tail. However, the PET's size was not significantly different in different pancreatic locations or in the different surgical groups. In the 82% of patients with duodenal gastrinomas, in two thirds of patients in both surgical groups, lymph node metastases were also present. The number of duodenal gastrinomas varied from 0 to more than 20 per patient; however, neither the number per patient nor the largest size differed between the two surgical groups.
At exploration, enucleation of primarily pancreatic head tumors was performed in approximately one third of all surgical patients and was more frequently done in patients with advanced disease (2B vs. 2A: 37% vs. 12%, P ϭ .0476, Table 5 ). The most common resections were for duodenal gastrinomas (62%) and lymph nodes (62%), followed by distal pancreatectomy (46%), liver resection (8%), and pancreaticoduodenectomy (4%). These operations were performed with equal frequency in both surgical groups, except for distal pancreatectomy, which was 2.5 times more frequent in patients with aggressive disease (2B vs. 2A: 58% vs. 24%, P ϭ .022). Hepatic resections (n ϭ 4) and pancreaticoduodenectomies (n ϭ 2) were performed only in patients with aggressive disease (group 2B).
Approximately one third of all patients had an immediate surgical complication that delayed discharge (occurring within 30 days of the surgical resection), and this rate did not differ between the two surgical groups ( Table 6 ). These early complications included primarily abscess and fistula * Acid-reducing surgery consisted of vagotomy with Billroth resections (n ϭ 5), vagotomy and drainage procedure (n ϭ 5), and total gastrectomy (n ϭ 5). † Previous abdominal surgery included acid-reducing surgery (n ϭ 5), oversew of ulcer perforation (n ϭ 3), resection of esophageal leiomyoma (n ϭ 1), hiatal hernia repair (n ϭ 1), cholecystectomy (n ϭ 1), and subtotal colectomy (n ϭ 1). ‡ Secretin is the absolute increase in fasting gastrin over the control level during the secretin test (2 clin units/kg). § Data from 64 patients without previous acid-reducing surgery is shown. Compared with group 2B: P Ͻ .01, P ϭ .012, ¶. P ϭ .03.# Compared with other groups: P Ͻ .01.** drainage. Overall, 10% of patients had some late complication (Ͼ30 days after surgery) that was likely related to the surgery, and the rate was not different for the two groups. The most common late complications were small obstructions (2-10 years after resection) and abscess formation requiring drainage.
In the immediate postoperative period (within 1 week of surgery), almost one fifth of patients showed no evidence of ZES, with normal fasting gastrin results and negative secretin tests. This result was significantly more frequent in patients with limited disease (2A vs. 2B: 35% vs. 10%, P ϭ .039). During a mean follow-up of 6.9 Ϯ 0.8 years since surgery, no patient in either surgical group was free of ZES at 5 years, with 70% of all patients having a follow-up of more than 5 years.
Liver metastases developed since exploratory surgery in 6% of the patients who did not have liver metastases at the time of surgery; there was no difference in the rate of development in the two surgical groups. The long-term survival rate in all four groups of patients since surgery or the initial tumor evaluation was excellent (88 -100% at 10 years; Fig. 3 ). However, the 15-year disease-related survival rates were significantly better in group 1 and the two surgical groups (100%, 100%, 89%) compared with patients with diffuse metastatic disease (group 3: 52%; P Ͻ .003). During follow-up, only 6% of patients in the two surgical groups required reoperation related to growth of an additional PET.
DISCUSSION
The purpose of this study was to explore the role of abdominal exploratory laparotomy in patients with MEN1 and ZES whose hypersecretion was controlled medically, concentrating on patients with advanced, potentially resectable disease (group 2B). To accomplish this, the surgical results in consecutive patients with MEN1 and ZES with advanced disease were compared with those of a surgically treated group with limited disease (group 2A). Further, the long-term course after resection of both surgical groups was compared prospectively with that of patients with small PETs (Ͻ2.5 cm on imaging) who did not undergo surgical resection (group 1) and patients with diffuse hepatic metastases (group 3) who also did not undergo surgical resection.
In this study, patients were stratified into various clinical groups based on the results of preoperative imaging studies. The four groups differed in the role of surgery as well as other treatment modalities. This approach was taken because it was believed that this most closely mirrors the diagnostic and clinical approaches to a typical patient with MEN1 seen in clinical practice. The results of conventional preoperative imaging studies have been widely used to determine whether a given patient with MEN1 should be considered for surgical exploration. The parameters used by others previously included the presence or absence of a PET, 21 the size of the largest PET, 6, 9, 12, 23 the number of PETs, 19, 21 and the presence or absence of hepatic metastases. 11, 16, 43 Recently, SRS has been shown to be more sensitive than any conventional imaging study for localizing neuroendocrine tumors. 32, 34, 44, 45 However, SRS was not used to stratify patients in the present study because its sensitivity and specificity for PETs in patients with MEN1 has not been well studied; it gives information only on lesion number, not size. This first point is especially important because patients with MEN1, especially with ZES, frequently have gastric carcinoid tumors, which can be mistaken for PETs on SRS. 46 Further, bronchial or thymic carcinoids can be visualized on SRS 44, 45 and mistaken for distant metastases from a PET.
The findings at surgery in the 48 patients in the two surgical groups provide several important comparisons with previous studies. First, almost two thirds of the surgical patients, with no significant difference in the percentage in the two surgical groups, had a duodenal PET that was a gastrinoma. This result is consistent with previous studies that reported that 21% to 100% of patients with ZES and MEN1 have duodenal gastrinomas. 6, 9, 11, 21, 47 Our percentage of duodenal tumors may be an underestimation because 20% of patients underwent surgery before duodenotomy became routine. Duodenotomy is essential to detect duodenal gastrinomas. 31, 36, 48 Our results support this conclusion because a significantly lower percentage (40%) of duodenal gastrinomas were found without than with duodenotomy (77%). Our results suggest that 80% of patients with ZES and MEN1 have a duodenal gastrinoma. This result also suggests that 20% of patients with MEN1 and ZES have a pancreatic gastrinoma, a duodenal gastrinoma that was missed, or a gastrinoma in another location. Any of these possibilities may have occurred because recent studies provide evidence for all three possibilities in patients with ZES with and without MEN1. 9,21,39,47,49 -53 Two thirds of patients with either duodenal gastrinomas or pancreatic PETs in both surgical groups had lymph node metastases. Lymph node metastases have been reported to occur in 18% to 98% of patients with MEN1 and ZES, 0% to 66% of patients with a duodenal gastrinoma and MEN1, 6, 11, 21, 51, 54 and 10% to 20% of patients with MEN1 and a pancreatic PET. 6, 11, 21, 53 Our results show that the percentage of patients with duodenal or pancreatic tumor and lymph node metastases is similar in patients with ZES with MEN1 or without MEN1. 28, 55, 56 These results suggest that duodenal gastrinomas and pancreatic PETs in patients with MEN1 and ZES are malignant in the majority of cases. Studies in patients with sporadic ZES show a similar result; however, pancreatic tumors were much more likely to be associated with liver metastases. 28, 55 We did not have sufficient patients with hepatic metastases, nor did we routinely explore all patients with diffuse liver metastases to clearly establish the primary tumor location, to be able to provide evidence as to the relative abilities of the PETs in the duodenum and pancreas to metastasize to liver.
Most of our patients (68%) had multiple primary tumors (mean, 4 PETs). However, as might be expected because of the selection criterion on the basis of positive results on preoperative imaging, multiple primaries were present in a higher percentage of patients with advanced disease (90% vs. 40%). These results show that even with detailed preoperative imaging using four different modalities (CT, MRI, ultrasound, angiography), the number of primary tumors that will be found at exploration is underestimated by preoperative localization studies. Previous studies in patients with sporadic ZES show that the ability of CT or MRI to detect a PET is size-dependent. 16, 30 Our result suggests that even a combination of all conventional modalities does not overcome this limitation. These findings support the proposal that all of these patients, regardless of imaging studies, should undergo a thorough examination of both the pancreas and duodenum, with lymph nodes routinely removed.
Our surgical results show that even in patients with advanced disease (i.e., multiple primaries or tumors 6 cm or larger) with MEN1 and ZES, the tumors can be surgically removed with an acceptable complication rate and no deaths. However, long-term cure of ZES (5 years or more) is rarely seen with the typical operation now widely used (enucleation of proximal pancreatic PETs, resection of distal pancreatic PETs, duodenotomy) in patients with advanced or limited disease. These conclusions are supported by several findings in our study. First, our early (26%) and late (10%) complication rates were not significantly different between patients with limited disease or more advanced disease. Further, the complication rates for our patients with 10, 11, 21, 57, 58 Second, none of the 48 patients in either surgical group had long-term cure of ZES (5 years or more). This result is consistent with almost all studies in the literature, with 0% to 5% of patients with MEN1 and ZES rendered disease-free. 11, 19, [21] [22] [23] [24] 59 The re-sults in this study suggest that this low disease-free rate is likely due in most patients to the multiplicity of the duodenal gastrinomas as well as their high rate of metastases to lymph nodes. 11, 21, 52 The proposed paramount importance of multiple duodenal gastrinomas and their lymph node metastases to the low disease-free rate is supported by series that report patients with MEN1 and ZES can be cured by pancreaticoduodenotomy. 11, 60, 61 The best operation for patients with MEN1 with ZES or asymptomatic PETs is controversial and is not resolved by the present study. As noted above, the standard operation generally recommended and used in the present study (proximal pancreatic PET enucleation, distal resection, duodenotomy) will not cure ZES. However, as shown by our results, despite lack of a cure of ZES, the long-term survival rate with this approach was excellent. Our results indicate 100% survival 10 years after surgery for both surgical groups and 15-year survival rates of 100% for group 2A and 89% for group 2B, which were not significantly different. These survival rates compare favorably with the results from other studies in patients with MEN1 with PETs with or without ZES. In one study, 19 the 10-year survival rate after surgery in patients with ZES with lymph node metastases without liver metastases was 67%; in two other studies in patients without liver metastases with ZES, the 10-year survival rates after resection were 80% 21 and 90%. 6 Previous studies in patients with MEN1 or without MEN1 with PETs show that the size 6,28,55,62 and extent 19, 55, 62 of the tumors were Negative secretin test and imaging studies as well as normal fasting gastrin within 2 weeks of surgery, as defined previously. 25 † Three patients had repeat abdominal explorations for recurrent PETs. ‡ Early complications included postoperative pancreatitis (n ϭ 2), deep vein thrombophlebitis (n ϭ 1), abscess (n ϭ 4), bleeding (n ϭ 1), fistula drainage (n ϭ 2), infection (n ϭ 1), prolonged ileus (n ϭ 1). Late complications included small bowel obstruction (n ϭ 3), biliary stricture (n ϭ 1), and development of an abscess (n ϭ 2). § Different from survival in other three groups (P Ͻ .003). For parameters assessed for surgical groups, the denomination was 48 patients (groups 2A and 2B).
important predictors of the development of liver metastases, the primary determinant of long-term survival or of survival itself. 16, 19, 28, 55, 62 However, with the surgical approach used here, we obtained the same survival rate in patients with advanced disease as in patients with less extensive disease who underwent surgery, or as patients with small PETs who did not undergo surgery. These results, coupled with no increase in the surgical complication rate and no deaths, suggest that this standard operation is likely to be of benefit in patients with advanced disease as defined in this study (two ore more extrahepatic lesions or PETs 6 cm or larger). In regard to the question of pancreaticoduodenectomy, the overall 15-year survival rate of all surgical patients after resection was 92%; the rate for patients with small lesions (Ͻ2.5 cm on imaging) who did not undergo surgery was 100%. There are, however, occasional patients in whom the PET pursues a relatively aggressive course. Unfortunately, at present the tumor course in a given patient is unpredictable. Until prognostic factors in the natural history are better defined, it would seem reasonable to reserve pancreaticoduodenotomy for young patients with MEN1 who have extensive disease in the pancreatic head, or the occasional patient who has rapid tumor growth or progression as assessed by SRS, conventional imaging studies, and endoscopic ultrasound. Lastly, some 10, 11, 54 have proposed that a routine distal pancreatectomy be performed in all patients with MEN1 with PETs undergoing surgical exploration. This procedure increases the possibility of glucose intolerance developing, increases the complication rate, and greatly reduces the possibility of subsequently performing a pancreaticoduodenectomy. In our study we obtained excellent results, with a 92% 15-year survival rate, and only 6% of all patients required repeat PET surgery during a 7-year follow-up, performing a distal pancreatectomy only when large or multiple PETs were present in the pancreatic body/ tail (50% of patients). Therefore, we recommend that distal pancreatectomy not be routinely performed. The group of patients presented today represent the patient who presents clinically, and once identified will fall into one of the four categories mentioned by Dr. Norton.
Of greater interest, I think, are a progressively increasing group of patients who have genetically evident disease which might not be manifested clinically. I would like to know how you plan to follow these patients. Theoretically one could identify these patients before they move into the group 1 category.
What type of interventional therapy do you recommend? Few would argue for total pancreatic resection in these patients because the cure would be worse than the disease. At what stage do you advocate intervention in this group? How often should they be tested? Do you depend on a certain tumor size before recommending surgery? I know that your group has previously focused on 3 centimeters or the size at which surgical intervention is advised. But it is going to be a very important clinical question posed by patients with these and other heredity solid tumors. PRESENTER DR. JEFFREY A. NORTON (San Francisco, California): Thank you, Dr. Wells. I think that based on our data demonstrated here, that the prognosis of these patients is outstanding. And I do not believe that even though they might have genetically evident disease that this would warrant aggressive surgery, for example, like we do in the patients with MEN-2-A and medullary thyroid carcinoma. So I would favor following them closely for imageable disease.
I think alternatively, some may recommend trying to do surgery to cure these patients based on duodenal exploration, as Dr. Thompson has mentioned previously. But I think our results also demonstrate that that is not necessarily the case in these patients, because our disease-free survival is essentially zero with long-term follow-up. I am not sure that we can cure these patients, but I think they can live for long periods of time with their disease. So I am not sure that aggressive surgical intervention is indicated unless they have imageable tumor. The goal is to try to prevent the development of liver metastases, which has always been the rate limiting step on survival for these patients.
DR. NORMAN W. THOMPSON (Ann Arbor, Michigan): I would like to congratulate you and your former colleagues at the NIH for your continuing contributions with this large series of MEN-1-ZES patients. These are really quite rare and there are very few series of any size. As you mentioned, their treatment is controversial. You brought up a number of controversial points in your presentation.
We might start with preoperative tumor localization. With the information you have now obtained and your corresponding findings at operation, what localization studies in these patients do you recommend? Obviously you are not identifying the small duodenal tumors preoperatively. Do you think it is necessary to rule out liver metastases before deciding for or against exploration?
Second, what are your current indications for operation? In your series, you arbitrarily eliminated what I think is the best group to potentially cure, those who have small tumors or tumors not imaged but known to be present because of biochemical evidence of the disease. I thought I heard you say you didn't think that those patients should be operated on. We consider the chances of curing that group is the highest.
Finally, I would like to emphasize that overall this is a 'good news-bad news' paper. You have shown that five-year survival is 100%, even though the biochemical cure is zero in five years. Our approach has been different in that we have operated on that first group, group 1, in addition to those with more advanced disease. We have just reviewed our five-year so-called cure rate for patients explored since 1990 and the gastrins are normal in 32% of those patients.
I would point out that you had a high incidence of pancreatic tumors in contrast to those in the duodenum. Maybe you can explain that by many of your patients being explored before 1987 when duodenal gastrinomas were not as well appreciated. In some series, 100% of MEN-1-ZES patients have had duodenal tumors. I think your percentage in the duodenum has probably been much higher in recent years.
Finally, you found lymph node metastases in 60 to 70% of your patients. Were those from the pancreatic tumors or from the duodenal tumors? Nodal metastases are very common with even microduodenal gastrinomas but distinctly uncommon from pancreatic neuroendocrine tumors smaller than 5 cm in diameter. Obviously this requires immunohistochemical staining of all tumors and metastases to make this determination.
DR. JEFFREY A. NORTON: I think those are all excellent questions and points, and they are controversial and difficult to answer.
I think clearly the best localization study now is the octreoscan or somatostatin receptor scintigraphy. And that is probably the study of choice that we would recommend. We would also recommend a conventional imaging study like CT, which would actually help us delineate the size of the physical tumors.
The indication for surgery in this group of patients was to prolong survival. And I think that we have accomplished that based on our results. We did not do surgery for cure, as you have done. The group that has reported the greatest cures in the MEN-1 patients have been from The Netherlands and Europe, in whom they have done Whipple pancreaticoduodenectomy. So I think if you really wanted to cure these patients that a Whipple procedure would be the procedure of choice, in my opinion. However, because the survival is so excellent, I am not convinced the Whipple is indicated in this group of patients.
We did find duodenal tumors. And I should point out that duodenal tumors were the most common site for gastrinomas. When we did SRS Vol. 234 • No. 4 Surgery in MEN1/ZES Patients scanning, it was most commonly in the duodenum. The lymph node metastases were difficult to sort out. I think the duodenal tumors have a high incidence of lymph node metastases, as you have pointed out, the pancreatic tumors more commonly metastasize to the liver. It is important to not miss pancreatic tumors, because they may be associated with a decreased survival.
DR. JAMES C. THOMPSON: Thank you, Dr. Norton. I believe that everyone here should realize that when you deal with rare diseases, you are apt to make mistaken conclusions from feeling only one of the many appendages of an elephant. What you and Bob Jensen and the people at the NIH have done is to accumulate and systemize our knowledge of patients with this rare disease and have made available information, such as in this paper, that can't be found anywhere else. I think you have shown once again that death is due to hepatic metastases. I wonder, what was the death rate in a given patient or in a series of patients with liver metastases? What was the mean survival of patients with liver metastases? Since no patients were cured, is there ever any indication for performing a Whipple resection? Were there ulcer symptoms in patients in group 1? What is the life history of group 1 patients? Did none of their tumors advance? And how were they managed before Omeprazole? And just for the information of those who keep track of these patients, did all of them have hyperparathyroidism?
Bert Dunphy once made the dark observation that there were more people living off of cancer than dying from it. That is not true, of course, but it may be true in a disease such as ZES associated with the MEN-1 syndrome.
DR. JEFFREY A. NORTON: Thank you very much, Dr. Thompson. I think you are right that the liver metastases are the right limiting step on survival.
The survival of these patients with MEN-1 and liver metastases was 40% at 20 years. I agree a Whipple resection is not indicated unless they clearly have locally very advanced disease. We used H-2 receptor antagonists, as you know, prior to proton pump inhibitors, and have had no difficulty managing acid secretion.
The hyperparathyroidism is an interesting point. That usually occurs first. We have had patients who presented with ZES and then approximately ten years later have developed hyperparathyroidism. But the typical presentation is for the hyperparathyroidism prior to ZES.
DR. STANLEY R. FRIESEN (Prairie Village, Kansas): Thank you for the opportunity to comment on this important report of a long-term study of this genetic abnormality.
I have just a brief comment and a question. My question is, would you enlarge on the matter of reoperation for the subsequent development of resectable tumors in your patients?
Of historical interest, before there were pharmacologic inhibitors of gastric acid secretion, total gastrectomy seemed the only choice for the elimination of the strong ulcer disease in these patients with gastrinomas. Some of our patients, early on, also exhibited normal serum gastrin values postoperatively with negative secretin stimulation tests. I want to put on record that we have since discovered that those good results were due to the serendipitous removal of occult primary duodenal gastrinomas which were found microscopically in the surgical specimens.
DR. JEFFREY A. NORTON: Thank you, Dr. Friesen. Yes, the disease-free survival was primarily based on gastrin levels and stimulation tests. So it was biochemical and not imaging evidence of disease. But when patients did develop imageable evidence of recurrent disease, we did reoperate. And the reoperation rate is approximately 20%.
